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Assay for Inhibitors of ispH 




of cardiovascular disease. Prevention and treatment 

Only about a decade ago. independent work by Arigoni Rohmer and th«- 
coworkers proved the exktenr.^ «f f^onmer and their respective 

eubacena and Jt^Tj^T T^'^''^" "^""^^ 

converted into 2C.methvl D .n^h .o . ^ ^" P'^^^phate is then 

.3Po,,sp.3n.j:rr<t:':rr~^^^ 

bycllc diphosphate 5 ,n high y,r05 The a^dTI «» -O-S-- 

t..ed in .e in .i™ .ILn i C::^:^^^^^^^^ 
Which was also isolated from «n • ul. "ie«iyl-2-(E)-butenyl 4-diphosphate (6) (15) 

.™a.ion o,e jrr^e ™lr/r ^ 

^dioche.,ca,.e.hods(n,ewass~ll2rrr''°"^'~^^ 
biosynmete procurer Of ,PP(r, and DBMPP fsrhll T ''"™'^'"'"""'^'^ 
ca«y«c ac«on of .he ispH pl,n (,8 ,T ' ""^ °' "^^ 

For numerous pathogenic eul>acteria as well as for fh= - 
.n^mes involved in the non^evalonate^^^ara^^Cn^IlT 

meva,ona,e-,ndependempa«™ay cannot be assil^Zr^ e 

B assimilated from the environment by pathogenic 
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Of U,ese targets Ta JZ^ T he*icides. The idenWca«on 

p.^. ,n :2rrji?c. z™^ " "'^^^ ^""-'-'^ - 

enzyme could no. be used Js™ ^ '° '° "^P" 

-»n.e,u.,en..sa,d_.:r: ::rr^^^ ™" 
reTro:r:r:rr:::~r'^^~^^ 

subclaims. ^^"^"^ embod.ments are defined in the 

;a:r:::::rero:s::rrT°'^ 
tosp..e.duie<e;::;;::re,^^^ 

of 1-hydroxv-2-methvi k, , . ... necessary for the enzymatic convereion 

--^^-y^^^J^^^^^^^ r~ end., 

therefore contain a flavodoxin nr * ^^"^^ '"^X 

o.a.no.n.;.r:rr:er,::rr^^^^^^^ 

NAD(P)H may be used « roo • , °® ^""^ '"^'^y^'® Aavodoxin. 

rJJ. sub::L::rr::~^ ~ »^ — ^ - - 

P reraoiy used. The gene of the IspH enzyme used in the assay 
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of the invention may be derived from any organism havina th« 

o..a,spH:^:rarzrrerr:r 

recombinant expression of tho • '^P" ^^^V^^e may be produced by 

purffled. For (his pumose IscH „„f '^'^'^'^'"i'' ^P-^ssad IspH enzyme Is 

maltose binding protein D,o„»Hk.K . ' ^ lapH enzyme with 

Of PmservlnalCH Zm ''""'^^^"^ °'P~n and In .em,s 

..eln^nlTp^njt^^^^^^ 

Examples 1 to3 Itlsp^ri'to 'apH enzyme ,s produced and punfled as described In 

containing the i^Jzr::::^::^^: - 



s 

•I- 
cc 



said ,«dlg atntt re a T""" ''"""^"'^ "^""^ 
.radeazal :Z:::^^^^^^^^^ 

Lpound iIKe a p..e,n, notrj/a^^ t^^r^r ^ 
reducing aaent Ev«mn. . u Preferably, a redox protein Is used as said 
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Flavodoxm may be produced as desertbed In Examples 4 and e A„ , 
obtained from a commercial source Pmfe,»hK, Alternatively, It may be 

.o the onanism wb,r: TCC^mrryr bT T;." "^-^ 
dert.ed.Mcs.p.fe.b.y.«avcdoxlnandrpHdT2fr^^^^^^^^^^^ '""''"^^'^'^ '^'"'''^ ^ 

pir:~rr°'"~— ^^^^^^^^^^ 
«=~.d:r;:rbrc:r:~^^^^ 

assay of B<ample 8 and companson with the t^yodoxln ot ExamZ 
Ravodcxin reductase may be produced according to examples 5 and 7 „ k k 

well by said flavodoxin reductase. '^"<=«' 

o. .e lnven„on together with a system capableTlZ 'o;^^^^^^^^ 
enzymatic system are knniA/r, tv,-,* ^ '^"i"^-/ to rMAU(P}H. Vanous 

*ybiem are known that can reduce NADrP)* to NAn/P\u t=^ 

dehyd^genase, glucose dehydrogenase, and la J deCdrna!!: 

|[l-hydroxy.2.methyHE>butenyi 4^iphosphate and various isotopicaiiy-labelied fbnns ,K , 
are amenable as described by Hechtetai. (20,and In W0.2/a3T2T 

sirb:in?:nr::::t"^Tt""'°"'"^"^''"-^ 
. .0 .ge ^:::r:zzr^::zzTrr:T 

may be In the range between 5 and «.noo . temperature of the assay 

ge oetween 5 and 50»C. preferably between 15 and 40 °r -^iyo^ • 
preferred. The assav hnfFor u. lo ana 4U c. 37 C is most' 

a concen^a J: IgTa rrr^e"^'^ ' 

aerobic or under anaetobio clndir' ,, ' ^^'^^ 

en.ma,coonver:;t:re:itr;r ^^-^^ °' 

lamea with IspH. The assay reaction may be started by the 
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addition of any one of the essential compounds given in item (a) of claim 1 or 2. Preferably, the 
reaction is started by the addition of 1-hydroxy-2-methyl-(E)-butenyl 4-diphosphate or 1- 
hydroxy-2-methyl-(E)-butenyl 4-diphosphate reductase. 

For increasing the activity of the 1-hydroxy-2-methyl-(E)-butenyl 4-diphosphate reductase, the 
assay mixtures may further contain small concentrations of a divalent metal ion, notably a 
transition metal ion, like Ni^ Co^ Mn^*, Fe^*. Cu^*, or Zn^*. Co** Is preferred. Said 
concentration may be between 0.1 to 5 mM, preferably 0.5 to 2 mM. 

In the screening assay of the invention, the enzymatic conversion of 1-hydroxy-2-methyl-(E)- 
butenyl 4-diphosphate to isopentenyl diphosphate and/or dimethylallyl diphosphate is followed 
in the absence and In the presence of a sample to be tested for Inhibition of said enzymatic 
conversion. If said conversion is slower In the presence of said sample under othenwise 
identical conditions, said sample is an inhibitor of said conversion. Progress of said enzymatic 
conversion may be followed by consumption of 1-hydroxy-2-methyHE)-butenyl 4-diphosphate. 
formation of Isopentenyl diphosphate and/or dimethylallyl diphosphate, or consumption of said 
reducing agent. If a redox protein Is used as said reducing agent, consumption of a component 
of said system capable of recycling the reduced fomi of said redox protein may be followed. If 
flavodoxin reductase/NAD(P)H is used as said recycling system, consumption of NAD(P)H is 
used. Alternatively, formation of NAD(Pr may be followed. Consumption or fomiation of 1- 
hydroxy-2-methyKE)-butenyJ 4-diphosphate. isopentenyl diphosphate and dimethylallyl 
diphosphate may be quantltated by HPLC combined with a uv-absorbance detector or. 
referably. a scintillation detector. Consumption of NAD(P)H or formation of NAD(Pr may be 
followed photometrically around 340 nm. 

Said conversion may be followed continuously or in intervals. Alternatively, the reaction may be 
runtbra predetemiined period of time of e.g several minutes, stopped after said predetermined 
period of time, and then analysed by one of the methods mentioned above. HPLC analysis is 
most suited to follow the conversion in intervals by taking HPLC samples at predefined intervals 
from the reaction mixture or for a final analysis after the reaction has been stopped. The 
reaction may be stopped after a predetermined period of time. This period of time may e.g. be 
between 1 minute to 1 hour, preferably 2 minutes to 15 minutes. For continuously following said 
conversion, the characteristic 340 nm absorbance of NADH is preferably made use of. 

FAIB41SniSSANMWMB000269 



6 




samples .o bsl'^sl a r "^.^ '^'^^^ °" ^ '^^^ -"X 
Pa^llel, tha assay are p,efe,ablvt. T '° '^^•^"^ ^™ 

an..e^c.„/a.p::r;j:::~^^ 

or a small number of wells whem s.rrt . ^' S"" On a multl^ell plate, one 

Potenua, o, me .nvl!l t^e ^ "'^""^ 
Nb^Hes. sue iJ es mav r ^™ 

~s. .anysuiirLiri:^^^^ 

inhlbMon Of flavodox „ .Use ! T H ^ — 

«avodox,n.™smay el l i b " '"""'"^ ^'-^JH .» 

malhylviolosenJoradTaWrTr 
byslem. A po Je samp nr^r^*^^'^^^^ 

atr:::::::::^^^^^^^^^ -p-p-- -u-se ,den«ed us., 

.anon-meva,ona.e,sopll:2:rb'~ 

have said pa«way, d..s may be developed hav^^e ,de 0^"" '""^"^ ^ 
found In the assay of the lnven«„n ™ . a'fe-affects ,n humans. An Inhibitor 
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EXAMPLES 

Example 1 




ha. been . T ~" "^""^ ^^"'"'^^ ^'^ 



Example 2 

Production of E. co// cell mass 




.O7.0a....a.n.a.a,s: a^rretr^^^^^^^^ 

maintained at 30% vfe tt,e stlnBr so«ad ^I^""^ ^'^ ""Vgen sah,ra«on Is 

o,ua«a., an,.oni.. c^io^ r^r^tr rrrrT^"' ^^^^^ 

continuously between a rana^ nf-^n « ^ (i -3 • 0.1 . 0.05 (w/w)) are added 

A.an CP.: -ens: < cr„r;:^™ p-- 

inoubauon is conflnued for 4 I !^ 1 ! ' Anal concenWion of 1.5 mM, and 
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Example 3 

Purification of recombinant IVIalE/lspH fusion 



protein 




Frozen cell mass (3.5 q) e com rioi oiv/iai- ... 

to ultrasonic traatment and oentrlfuo^^ Th ^"I'Jeoted 

™.n«o„ volu™ :::: r ~ °' ^- 

concentatad by u.*a*a.cn and stored ai^o X ' ' ~ 

Example 4 

Cloning and expression of the MA gene of Escherichia cell 

The ft oM gene of e. co/; (GenBank accession number APnn««, 

amplffled fton, by pos,«on 7,91 to 7721 by PCR uTlnl f ' 
and .be ollgcnucleoMes fldAvo and flli T ^' "^""^ " 

*«a,ed «,e enzy Js P « .T" '"'^"'^ 

POH30 COIagen, H.lden, Oelny ^ ^7^^ 1. rite 7 ~ '^^'"^ 
resulting plas.ld pOEfldA Is elec.ro..ns,bn.ed JTZ:^>lZrZ^'- 
uliocRetal., 1^78, a^^lng .be «coa,blnant strain XLI^Q^r 



Example 5 

Cloning and expression of the fpr gene of Escherichia coll 



ch^mosoma'^ L/ D^s?", , ~ '"^^ '° '''' ^ 

PnW. .he at™ rd^^ I " t '""^ ^' ^ 

llsated into «,e exprasslon vector pQE30 (Q^ H^n ^ 

-tbe.™e^.as..erasu«ngpJrXrelerr^^^^^ 
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-Blue affording the recombinant strain XLIpQEfpr. 





Example 6 

Purification of recombinant flavodoxin (FIdA protein) 

The recombinant E. coll strain XLI-pQEfldA is grown In Luria-Bertani broth containing amplclllin 
(180 mg/i) and riboflavin (1 mg/l). Cultures are incubated at 37 'C with shaking. At an optical 
density (600 nm) of 0.7. IPTG Is added to a final concentration of 2 mM. and the culture is 
.ncubated for 5 h. The cells are harvested by centrifugation. washed with 100 mM Tris 
hydrochloride, pH 8.0, and stored at -20 *C. 

Frozen cell mass (8 g) is thawed In 40 ml of 100 mM Tris hydrochloride, pH 8.0, containing 0 5 
M sodium chloride and 20 mM imidazole hydrochloride. The suspension Is subjected to 
ultrasonic treatment and centrifuged. The supernatant Is applied to a column of Ni-chelating 
Sepharose FF (2.0 x 2 cm, Amersham Phamiacia Biotech) which has been equilibrated with 
100 mM Tris hydrochloride. pH 8.0, containing 0.5 M sodium chloride and 20 mM imidazole 
(flow rate, 2 ml/min). The column is washed with 50 ml of 100 mM Tris hydrochloride pH 8 0 
containing 0.5 M sodium chloride and 20 mM Imidazole and is then developed with a gradieni 
of 20 - 100 mM imidazole in 20 ml of 100 mM Tris hydrochloride. pH 8.0. followed by a gradient 
of 100 - 500 mM imidazole in 100 mM Tris hydrochloride. pH 8.0. containing 0.5 M sodium 
chloride (total volume. 120 ml). Fractions containing flavodoxin are combined, concentrated by 
ultrafiltration and dialyzed overnight against 100 mM Tris hydrochloride, pH 8.0. containing 5 
mM DTT and 0.02 % sodium azide. 

Example 7 

Purification of recombinant flavodoxin reductase (Fpr protein) 

The recombinant E. coli strain XL1 -pQEfpr is grown in Luria-Bertani broth containing ampicillln 
(180 mg/l) and riboflavin (1 mg/l). Cultures ara incubated at 37 »C with shaking. At an optical 
density (600 nm) of 0.7. IPTG was added to a final concentration of 2 mM. and the culture is 
incubated for 5 h. The cells are harvested by centrifugation. washed with 100 mM Tris 
hydrochloride, pH 8.0, and stored at -20 ""C. 

Frozen cell mass (8 g) is thawed in 40 ml of 100 mM Tris hydrochloride. pH 8.0. containing 0.5 
M sodium chloride and 20 mM imidazole hydrochloride. The suspension Is subjected to 
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Ultrasonic treatment and oentrifuged. The supernatant Is applied to a column of Ni-chelating 
Sepharose FF (2.0 x 2 cm, Amersham Pharmacia Biotech) which has been equilibrated with 
100 mM Tris hydrochloride, pH 8.0. containing 0.5 M sodium chloride and 20 mM imidazole 
(flow rate. 2 ml/min). The column is washed with 50 ml of 100 mM Tris hydrochloride. pH 8 0 
containing 0.5 M sodium chloride and 20 mM Imidazole and Is then developed with a gradieni 
of 20 - 1 00 mM imidazole In 20 ml of 1 00 mM Tris-hydrochloride. pH 8.0, followed by a gradient 
of 100 - 500 mM imidazole in 100 mM Tris hydrochloride. pH 8.0. containing 0.5 M sodium 
chloride (total volume. 120 ml). Fractions containing ferredoxin .(flavodoxln):NADP+ 
oxldoreductase are combined, concentrated by ultrafiltration and dialyzed overnight against 100 
mM Tris hydrochloride. pH 8.0. containing 5 mM DTT and 0.02 % sodium azide. 

Example 8 

Radiochemical assays of 1-hydroxy-2-methy|.2-(E)-butenyl 4-diphosphate reductase (IspH 
pfxjtein) activity. 

Assay mixtures contain 50 mM Tris hydrochloride. pH 8.0, 2 mM DTT, 5.3 pM [l-^HM-hydroxy- 
2-methyKE)-butenyl 4Kj|phosphate (86 Md/Mmol). 2 mM NADPH, 54 mq of flavodoxin (FIdA 
protein). 45 pg of flavodoxin reductase (Fpr protein), and 50 pg of MalE/lspH fusion protein in 
a volume of 150 mI. The mixture Is Incubated at 37 »C for 1 h under aerobic conditions The 
reaction is temiinated by addition of 10 pi of 30 % (w/v) trichloroacetic acid followed by 
immediate neutralization with 20 pi of 1 M sodium hydroxide. The mixtures are centrifuged and 
the supematants are analyzed by reversed-phase HPLC using a Luna C8 column (5 pm, 4 x 
50 mm. Phenomenex). The column is developed with 1 0 ml of 3 % (v/v) methanol in 1 0 mM 
tetra^-butylammonium phosphate. pH 6.0 followed by a linear gradient of 2 ml of 3 - 21 % (vJv) 
methanol in 10 mM tetra-n-butylammonium phosphate. pH 6.0. a linear gradient of 13 ml of 21 - 
35 % (v/v) methanol In 10 mM tetra-n-butylammonium phosphate. pH 6.0. a linear gradient of 
10 ml of 35 - 49 o/o (v/v) methanol in 10 mM tetra-n-butylammonium phosphate. pH 6 0 and a 
lineargradlentof 5 ml of 49 - 56 o/o (v/v) methanol in 10 mM tetra-n-butylammonium phosphate 
pH 6.0. at a flow rate of 1 ml/min. The effluent is monitored by online liquid scintillation analysis 
(Beta-RAM. Biostep GmbH, Jahnsdorf, Gemiany). The retention volumes of 1.hydroxy-2. 
methyKE)-butenyl 4.diphosphate 6 is 25 ml. IPP (7) and DMAPP (8) are both eluted at a 
retention volume of 36 ml. 
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Example 9 



Photometric assay of 1-hydrox-2-methyl-2-(E)-butenyl 4-di phosphate reductase (IspH protein) 
activity 

Assay mixtures contain 50 mM Tris hydrochloride. pH 8.0. 0.5 mM DTT, 0.4 mM NADPH. 0.2 
mM 1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate, 100 pg flavodoxin. 80 pg flavodoxln 
reductase and 50 pg IspH protein In a total volume of 1 ml. The mixtures are incubated at 37 
"C. The oxidation of NADPH. is monitored photometrically at 340 nm. Alternatively the 
concentration of NADPH is determined by measuring the relative fluorescence of NADPH at 
340 nm excitation/460 nm emission. 

'Example 10 

Radiochemical assays of 1-hydroxy-2-methyl-2-(£>butenyl 4.dlphosphate reductase activity 

All steps are canied out under anaerobic conditions. Assay mixtures contain 50 mM Tris 
hydrochloride. pH 8.0. 7.5 mM DTT. 1.5 mM CoCI,. 5.3 pM [1-^HM-hydroxy.2-methyl-2-(£> 
butenyl 4-diphosphate (86 pCi pmol"^) and protein In a volume of 200 pl. A solution (20 pl) of 
2.6 rr^M 10-methyl-5-deazalsoalloxazine In dimethylsulfoxide is added, and the mixture is 
irradiated with a W mercury pressure lamp which Is placed at a distance of 15 cm. During 
irradiation, the sample is cooled on Ice. The reaction is temiinated by adding 30 % (g/v) 
trichloracetic acid followed by Immediate neutralization with 1 M sodium hydroxide. The assay 
mixtures are centrifuged. The supematants are subjected to ultrafiltration (nanosep 100 kDa. 
II Gelman) and analyzed by reversed-phase ion-pair HPLC using a Luna C8 column (4 x 250 
m. 5 pm. Phenomenex) which Is developed with 15 ml of 10 mM tetra-n-butylammonlum 
phosphate. pH 6.0 followed by a linear gradient of 45 ml of 0 - 42 % (v/v) methanol In 10 mM 
tetra-n-butylammonlum phosphate. pH 6.0. at a flow rate of 0.75 ml min-\ The effluent Is 
monitored by online liquid scintillation analysis (Beta-RAM. Blostep GmbH. Jahnsdorf. 
Gennany). The retention volume of 6 Is 48 ml. IPP (7) and DMAPP (8) are both eluted at a 
retention volume of 66 ml. This assay Is repeated In tiie presence of a sample to be tested for 
Inhibition of said enzymatic conversion. 
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Table 1. Used oligonucleotides used herein. 



Designation 
lytBvo 
lytBhl 



5'-Sequence-3' 

^^^^^^^^^ 



;acc 
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Claims 



diphosphate and/or dlmemylally, diphosphate by .he following steps 

(a) ^acting an aqueous n„x,u« containing 1-hyd.xy-2-„,e,hy,-(E)-buteny, 4- 

d,^phate, a 1-hyd.xy-a-.e.hy„E^hute„y, «,pt,osphat Luol and 

X :z:"' """^ ~ — 

on t^d"" "^r^""" ^'^^ "^^ '^"■^ amount 

Of 1-hydroxy-2.n,e,hy,-(E>bu,eny, 4^iph„spbate and/orsald Cueing age« 

d,.e,hy,ai,y, diphosphate and/or an ox,da«on p^duot of said reducing agent 

c «Paatng step (a, in the presence of the sampie to be tested- 
W .epeating step (b) with the reaction mixture defined in step (c)- 
(8) """paring the results Of Steps (b) and (d). 

diphosphate and/or dln^ethylallyl diphosphate by the ibilowing steps 

(a) --""9 aqueous n,lx*,,e containing ,*yd,oxy-2H,,e,hyK6>bu.eny, 4- 

^ r ~-«'^^-<^'-''-nVi 4.lphosphatl 

cTndl ' P^detennined ^c«o 

conditions for a predetenrtned period of time- 

(b) analysing the reacSon m„^re obtained In step (a)*,r,he consumed amount 
Of 1 h,droxy.2-methyKE).bu.e„yl ^ipHosphate and/or NAO(P,H and/o or 
the produced amount of isopentenyi diphosphate, and/or dim myially, 
diphosphate and/or NAD(P)'; 

(c) repeating step (a) In me presence of the sample to be tested; 
d repeating step (b) with the reacton mixture defined In step (o)- 

(a) """paring the results ofsteps(b) and (d). 
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3. Assay according to claim 2. wherein the consumed amount of NAD(P)H is measured 
photometrically. 

4. Assay according to claim 2 or 3, whereby in steps (b) or (d) the produced amount of 
NAD(P)* or isopentenyl diphosphate and/or dimethylallyl diphosphate is tested. 

5. Assay according to claim 4, wherein the produced amount of NAD(P)* Is measured 
photometrically. 

6. Assay according to one ofclaims 2 to 6, wherein NADPH is used as said IMAD(P)H. 

7. Assay according to one of claims 1 to 6, wherein after the predetermined period of time 
the reaction is stopped by addition of trichloroacetic acid. 

8. Assay according to one of claims 1 to 7. wherein steps (a) and (c) are carried out at 
37°C for 1 hour under aerobic conditions. 

9. Assay according to one of claims 1 to 7. wherein steps (a) and (c) are earned out under 
anaerobic conditions. 

10. The assay of one of claims 1 to 9, wherein said 1 -hydroxy-2-methyl-(E)-butenyl 4- 
diphosphate reductase is IspH. 

1 1 . Sample capable of inhibiting the enzymatic conversion of 1 -hydroxy-2-methyl-(E)- 
butenyl 4-diphosphate into isopentenyl diphosphate and/or dimethylallyl diphosphate 
identified according to one ofclaims 1 to 10. 
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Abstract 




id; analyzing the reaction mixture obtained In steo (^\ fnr th^ 

c ™P«ai,ng step (a) ,n the presence Of ,ha sample to be tested- '"'''^P)- 

d repeating step (b) with the ^acUon mixture defined in step (ci- 

(e) comparing the results of steps (b) and (d). 
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Fig. 1 



